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ABSTRACT 

* * r 

■v Retinoids regulate gene transcription tbroogb activating rettnote add 
.receptors (RARsyretinolc X receptors (RXJRj). Of the thrift RAR rcccp- 
iters (a, £, and 7k RAR P ha* been considered a tumor suppressor gent. 
: Here, we Identified a »ovd RAR0 Isoforra-RARps to breast epithelial 
'cell*, which could play * negative role ha RARp signaling. Similar to 
RAR02, the first exoo (59 bp) of RAR05 b RAR05 boform specific, 
Whereas the other exona are commoo to afl of the RARP Isoforms. The 
first exoo «f RAR £5 does not contain an> translation start cotfon, and 
-therefore Its protein translation begins at an Internal methionine cudon of 
•RAR02, lacking fhs A* B. and part of C domain of RAR02. RAR0S 
protein was preferentially expressed In estrogen receptor-negatire breast 
cancer cells and normal breast epithelial cells that arc relatively resistant 
t0 retinoids, whereas estrogen receptor- postUve cells that did not express 
y detectable RAR05 protein were sensitive to retinoid treatment, suggesting 
{ that this teotorsn may affect the cellular response to retinoids. RAR/KS 

* isoforro bi unique among all of the RAR*, because a corresponding boform 
!? was not detectable for either RARa or RARy. RAR 05 mRNA was vari- 

ably expressed ta normal and cancerons breast epithelial ecus, lis tran- 
scription was tinder the control of a dUrJnct promoter P3, which cam he 
activated by nB-^wn-retmolc add (alRA) and other RAR/RXK selective 
'retinoids la MCF-7 and T47D breast cancer cells. We mapped the RAR0S 
promoter and found a region -3A2/-99 to be the target region of atRA, la 
S inclusion, we Identified and initlaly characterized BAR/35 in normal; 
: ^ premangiwnt, and. malignant breast cpltheUal cells. RAR05 may serve as 
' B potential target of retinoids m prevention and therapy studies, 

INTRODUCTION 

* • 

' The biological effects of retinoids are mainly mediated by two 
JifsLniillcs of nuclear receptors: retinoic acid receptors (RARs) and 
p; rctiixnc X receptors (RXRs), each consisting of three receptor sub- 
btypes'(a, 0, y. rets. 1, 2). In addition, each RAR gene generates 

* multiple isoforms by either alternative splicing or differential usage of 
; iwo prinnoten (I, 2\ RARfi/RXRs belong to the superfamily of 
^nuclear receptors thai mediate the transcriptional effects of steroid 
^borrnones, vitamin D, and thyroid hormone (3). RARs preferentially 
V dimcrize with RXRs to form RAR-RXR hcterodimers that are thought 

to be obligatory intermediates in the effects of RAR Iigands on gene 
expression (4). RXRs also can homocbruerize to form transcriptionally 
active complexes (5\ Homo- and hcterodimeric retinoid receptor 
J : complexes bind to distinct retinoid response elements embedded in 
itbe regulatory regions of retinoid-responsive genes (6). Although 
there is considerable variability in the sequence and structure of the 
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retinoid response element* in rttinoid-rcgulated genes, tbey i»nfonn 
to a general canonical sequence in which two directly repeated recep- 
tor-binding hexamtcleotide motifs [coasensoa (A/C)b(G/r)TCAJ are 
separated by a variable number of intervening nucleotides (6). 

RAR0 itself is a retinoid target gene and believed to play a role as 
a tumor suppressor gene in ninKwigenesf* (7). The bumah RAR/3 gene 
was first identified from bcpatoccllular carcinoma in; 1987 (8), fot- 
lowed by the identification of retook acid reaponse^Unnent (RARE) 
in its promoter region (9). In the mice, die RAR/3 gene generates four 
distinct transcripts: splice varianta RAR01 and RAR^3 ixozn tran- 
scription at promoter PI, and RAR02 and RAR^4 (roxn the RARB- 
conlaining P2 promoter (2, 10). In the hornan, only RAR^2 and 
RARJ94 transcripts have been identified in normal oduh celb (11). 
Human RARjBl is expressed in fetal tiiumea and some ionaH celt lung 
carcinoma cell lines (12); whereas a human iKMnalogue of the RAR^3 
isoform bas not been detected (7). The RAR02 ami RAR04 tran- 
scripts dilTer only in the content of their S'-moat exon, a result of 
Mitemaiive splicing (10). On the basis of homology with other mem- 
ber* of the steroid hormone receptor superrarnily, six distinct domains 
(A-F) havc been kJenlifted within RARs and RXRs (2),Tnua Jar. oil 
of the identified RAR isoforms are only different at their unique A 
domain and are derived from two promoters and alternative ' " 
(11). Isoforms of~a given RAR^i» ge^ie^ry c^mtam 
protein sequences B-P (11). ; 

We've been interested in RAR/RXR aberution Hi rhe process of breast 
tumor progression with a MCP10 model (13). During the character- 
ization oT RARp expression in the MCF10 series of cell lines (benign 
MCF10A, premalignant MCH10AT, and malignant MCFlOCAla cell 
lines; rcf. 14), we identified a novel RAR/3 isofonn, which wc named 
RAR^S. RAR^S mRNA expression is under tto cofitrol of a distinct 
promoter P3 and is mediated by all-mw-retinoic acid (atRA) and 
other RAR/RXR selective ligtmds in breast cancer ceils. It was de- 
tected in both normal and breast cancer cells. We also cloned and 
initially characterized the promoter region of RARJB5. The same 
protein isoform was previously associated with RAR04 transcript (1 1 » 
15) and then termed RARp' (7). In this study, we have identified 
RAR05 at both gene and protein level. . \ 

MATERIALS AND METHODS 

* 

Cell Culture. The MCFI0A ccfl line was received from Kannenctt Cancer 
Instiuna (Detroit, MI) and cultured as described previously (13). Normal 
human mirnmary epithelial celh (HMEQ were purchased from Oooefics 
(Santa Rosa, CA) and cultured in MEGM with suppleinents (Cloneues). 
MCP-7, T47D, and MDA-MB435 cell lines were purchased from American 
Type Tissue Collection (Manassas, VA). BCA-I to BCA-1 1 breast carcinoma 
cell Kncs were from breast cancer patterns and established in our laboratory 
(16). These cell lines arc still at their early passages (passage number at 7*10), >' 
and their characteristic rcaduna are suinmarned lo Appendix I as supplemental 
material All of these cell lines were cnltured in MEM snrjplcnientBd with I0D 
uniis/ml petuollin, 100 ug/raK streptomyenv and 10% fetal bovine sennit, 
200 umol/L L-ghutamine and 100 umol/L MEM iione^seatial amino acids. The 
at RA was purchased from Sigma ($L Louis, MO). The 9~cu-ntiaoic add 
(9-ciiRAX 4-hydroxyphenyl retmamide (4-HPR), and JLOO1069 were nb- 
iatned from the repository of mc National Cancer hwritute (Deu^esda. MDK 
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Am80 (RARo70 selective Ugaod) was a generous gift from Dr. Koichi Shudo 
(ITSUU Laboratory. Tokyo, Japan). 

Rapid Amplification of cDNA 5' -Ends and cDNA doiilng. Rapid am- 
niincaiiun of cDNA S'-cnds (5'-RACE) was done wilh SMART RACK cDNA 
AmpUficacion Kit (Clonteca Labofatoricv Inc. Palo Alio, CA) according 10 

User Manual RACE PCR was done with a Universal Primer and two 
RARB2 cene-soecifjc reverse primers located at 1754 bp (RAR02-1754RP, 
mACl^O^CT^XjTGnCCCACrt) and 1216 bp (RAR02-1216RP. 
GGTCTGCGATGGlCAAGCCAGTaAA) 3' of the RAR02 transcription 
site. PCR products were cloned into pCR4-TOPO vector (Invitrogen, Guutad, 
CA) and sequenced with ABJ PRISM 377 DNA Seqwencer (Applied Biosys- 
terns Foster City. CA), * ™ f 

Reverse f ranscrlption-POl RT was done tn a final volume of 20 /d* 
with 2 ua total RNA and 100 units of MuLV reverse transcriptase (Invitiogen) 
at 4rC for 50 minutes. C^vemional PCR was inainry used to 
detect gene expression. PCK was dune with I RT product wiA PCR 
SupermU a D ^n)rPGR-primer pairs are RAR02 (475FP. OJ^aTA^ 
G^mCTt^J<Or^d 730RP7 ATTrOTtXTCCCAOACGAACCA) 
nod RARB5 (MFP. CTGOAAtJGTCGTACACAGTCA; and 343RP, OOA- 
CATTCCC ACTlC- AAAGQ. 0-actin (FP. GTCACCAACTOOGACGACA; 
and RP ltX3(XATCTCriX3C-TCGAA) was used as an internal control. 
Real-time PCR was done with 1 jiL'RT prodocl with 7900HT Sequence 
Detection System (ABT, Applied Biosystems) and ABI % X SY BR Green PCR 
Master Mix (ABIT 4309155) according to recommended guKtelfajea of ABt. 
Primer pair, for realtime PCR were RAR02 <^^^^Jt? 
CGAATGGCAGCA;and 730RP) and RAR05 ( 1 5FP. GGAAGGT-OGTACA- 
CACnGAATTTCTCrOAO; and RAR/S2-730RP); real-time PCR data were 
anaryxed with a sofrware package (ABI Priwri SDS2.1) provided with the 
instrumcntntHm system. 

Eaptcttfen Vector and Jm vttro Translation. The RAR05 expression 
vector was generated by PCR^loning with pcDNA3.J/VM«a TOFO TA 
agression Kir OnvitrogenX The open reading frame (ORF) of RAR05 was 
Mated by PCR of 5 '-RACE cDNA from MDA-MB435 celts with primers 

containing RAR/35 start and stop codon (^^^^^^^j^ 
CATTTACACTTGTCACCG; and RAR/15-stop, CnrTTATTGCACGA-CT- 
GCTTGACTG). RAR02 expression vector pTag (RAR02 0'-; RARp2 with a 
mutation to Vnockout a downstream translation Mart site) was a gewaoua gift 
from Dr. Karen Swisahclm (Department of . Pathology, University ^Wash- 
ington, Seattle, WA; ref. 1 IX RAR02 tnsert was cut from pTa* <RAR#2 0 -) 
and Hated into the BamW of pcDNA3.I vector (lnviirogen) to generate 
RAR02 expression vccuir-pcDNA3.1(RAR|52).The pcDNA3.1(RAR02) was 
used for both in vitw translation to generate RAR/32 protein as positive control 
for Western Wot and couansfection to teat the effecti of RAR02 expression on 
RAR05 prt)moter activity. In vitro inwlauoo was done wilh TNT Quick 
Coupled Translation Jot (Promega. Madison, WI). 

Western Blot When cells grew to 50 to 70* cimnuence, cell lysatea were 
prepared and subjected to Western blot analysis as described previously (17). 
Two antibodies were used to detect RAR0 isoforms, one recognixing amino 
acids 43<M47 in the COOH-termmus of RAR02 (sc-552, Santa Cruz Biotech- 
nology Inc Santa Crux, CA). the other one recognizing amino acids 407-423 
in the COOHnerminus of RAR02 (Geneka Biotechnology Inc. Montreal. 
Quebec) Another two antibodies recognixing COOH^errairms of RARa (sc- 
551 Sanra Cru* BuKechnology Inc.) snd RAR7 (sc-550, Santa Crux Biotech- 
nology inc.) were used to detect RARa and RAR7 isoforms. 

The 3K4^-I>ln^t"r^ , •^^^^ 2 ^P^^ t^ * XO,5l,n, Bro,mde 
any for Cefl Growth. Cell proliferation was examined by colorirnetrfc 
|M4,5HfinxfhylmiaM«-ylh^ bromide; MTTJ assay. 

NfTT is a pale yellow substrate that is cleaved by Bvmg cells to yield a dark 
blue formawm product This process requires active roitochomiria, and even 
freshly dead cells do not dcavc substantial amounts ot MTT. Bnefly, cells 
(500 ceils per well) were seeded in 96- weJI plates and cultured overnight. Then 
ceils were incubated with 1 junol/L retinoids, and the media were changed 
every second day. After 7-day treatment, 0.01 mL of MTT solution (5 ma/roL) 
was added to each well, mixed gentry, and incubated wilh the eel* at W*C for 
2 to 3 hours. The media were artfully removed. 0.1 ml.of DMSO was added 
to each well, and plates were assayed for cell ra^Hferatioa as described 

previously (J 8). ^ 

RAR/55 Promoter-Unerase Reporter Plasmids. The Web 5 flfflikuig 
region (P-I000V+33 relative lo the transcription start site) of KAR05 was first 



isolated by PCR from genomic DNA extracted from MDA-MB435 breast 
cancer cells wilh Advantage 2 PCR kit (Clontech). Primer pairs were designed 
10 contain a Kpn restriction site at the 5' end of the forward primer und a Xho 
restriction site ui the 5' end of the reverse primer. The POt product was first 
cloned to the pCR4-K)PO vector, and then subclone*! to the KpntXht* she* of 
the promoierless PGL3 bask vector (Promega). Orientation and sequence of all 
of the construct were verified by direct sequencing. All of the other promoter 
deletion mutation contracts (P-42&7+33, -323/+33 f -302/H 33, -I77/+33, 
-99/+ 33) were cloned In the same way with PGLMMGtXV +33 a* a template. 

Ceil T»r*fecti»ii» and Ludfenwe Assay. MCF-7 and T47D cells were 
plated at I to 1 J x 10 s cells per wcD in 12-wctl plates. After overnight 
incubation, the media were replaced by MEM cortairang 2ft fetal bovine 
serum. Transient transfection was done in the same medto with Ur^ecraraine 
2000 (Invitrogen). Cells were trawrfected wilh 0^>*grwcll rmMnotercomtrncts 
(0.5 >te/weJl for PGL3-P-1000/+33, the amount of other deletion mutants was 
coRespondingly adjusted to make each- well contain the same amount of the 
plasmids) with or without 0.5 w*/wcll pcDNA3.l empty vector or G.64 MfirVell 
pcDNA3.1(RAR^2) expression vector. A 20 ngAweJJ pCMVPgal vector (Clon- 
tech) was cotransfected as an rntemal cunirol for transfection efficiency. After 
5 hours rncubaiion, the medium was replaced with a fresh one containing I 
jmuoI/L atRA or other retinoids or DMSO (solvent cootrol, 1 fdJXO ml. 
media), and cells were incubetcd ftjr an additional 24 hours. Luciferasc and 
^gsladosidase activities were assayed with tuciferase Reporter Assay Kk 
and Lununescent 0-gal detection kit 17 (aontech). 

RESULTS 

A Novtil RARp Transcript in MCF10A Breast tprthcHal Cdfak 
During chaiaaeri2atton of RAR^2 expreMtoo in MCFI0A scries of 
cell lines (14). with primers recognizing RAR02 coding region, we 
detected RAR^2 transcript by reverse transcription (RT)-PCR; but we 
failed to detect RARjW transcript with primers recognizing RAR02 
5' untranslatcd region (UTR). Hence, lo examine the 5' region of 
RARj32 in MCF10A cells, we did a S'-RACE analysis of the 
MCF10A total RNA with two RAR02 speciftc prirners (Fig. M). 
Using these two primers, we failed to detect the expected RAR02 
fragments with sire -1J kb and -1.3 kb, respectively, but did 
consistently detect a band with a smaller size (—0.6 kb shorter). The 
5'-RACE product was cloned and sequenced. The Blast search of 
GcnBank suggests it to be a novel RAR0 isoform that has not yet been 
reported, henceforth it is referred to as RAR/35. Trie 5' end sequence 
of RARJM cDN A is presented in Fig. LB. Only the first exon (Fig. I; 
txon 6. 58 bp, hold) is RAR/35 specific. We also used another priiner 
set designed in terms of the RAR/35-srjecific sequence (RARJ33- 
14FP) and tbe 3'-UTR sequence of RAR^2 (RARp2-i827RP) to 
amplify a fragment spanning the whole coding region of RAR/J5. 
Cloning and sequencing analysis of this PCR product showed a 
unique first exon of tbe RAR#, whereas all of the downstream exons 
are common to all of the isoforms of RAR0. Alignment of the 
first exon of RAR05 to bacterial artificial chxonKJSorne (BAQ 
clones RPI1-421F9 and RP1I-733H1I (GenBank accession nos, 
AC133141.2 and AC09S477.2) shows that the First exon of RAR05 is 
located -29 A kb downstream of the first exon (exon 5) of RAR/32 
and —2.8 kb upstream of the second exon of RAR02. Thwcfbrc, this 
novel exon is numbered exon 6, and numeration for the downstream 
exons is updated from what was reported previously (ref. II; Fig. IO. 
The 5 '-UTR of RAR/35 mRNA is 237 nucleotides long and contains 
2 upstream ORFs (uORFs; Fig. IB). We note in this respect that both 
RAR02 and RAR04 contain multiple uORFs (8 f 1 1) that could pla> 
a role in tightly controlling translation efficiency. Differing fiam 
RAR/32, the first exon of RAR05 does not contain any translation 
start codoxw the 5 '-most AUG of the RAR/35 transcript with the 
KAR05 coding sequence is located at nucleotide 238 of RARffc 
mRNA (within the third exon of RAR05) and corresponds to an 
internal methionine codon at amino acid 113 of the RAR/32 protem 
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1 ^TMAAXManCTCOAMCVCCTMACACTC&X 1 



POTC^CA 



RAKP (UPM-KARJB-17J4K) 61 ATTOUAACXCACAGC^ 
BAftp (TJPM-RARJB -1 21 <5RJ 121 CCCCCTCGACTGT^WCCCTGC 



lfil GGGGTCAGCGCCTCTGAgGGATGT 




241 .^JTTXCACTTGTCACCGaGXtAACXAC T & TOTlKTWXTOAAPrgiCCACQAXTCOA 1 



TCOATGfC 



l, A| ? t G 1 D I E 1 F 1 RAWpr**'" (-50 kDa) 
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E HI YTCHRDlWCVIWCVTRNRCgTCRLgKCr 30 
XVCM£KKSVHNDlWKjaCKITSKO*CTISTl £0 
MTAILDDLTWa WWHQBTn>STiCOX^KTT 30 
TN S S ADHR VXLD tCLWDKTSXLATlDCI IXT 120 
VKFAXRLPGFTG LTIADQITLL1CAAC1DIL 150 
IUUCTBYTPIQDTMTTSDCLTLWRTQHBJf 180 
AGrCPLTDLVJTTIWtQLLPLIMDDTITGLIi 210 
SAICLICQDRQDUa^TKVDXLQKPXiLSUi 240 
KITJKXBRPSKraflTKIlMKITOLRSlSA 270 
XGASRVITLKMI IPGSKP PLIO.Bi LEW SEG 300 
HJKPLTPSSS6NTAXUSPSISPSSVKMS6VS 330 
QSPI.VO * 336 

FIl I Idcutiftcauou of RAR/M io MCFI0A cells. A, *#w\we gd nmlyxb of J'-RACti product* IV RAO! product! with MO10A toil) RNA were tralyxed by agarose |pd itnd 
■ novel RAR£ boforax RAR03. w» identified. M. lOO-bpONA ladder, 1. 5' -RACE PCR with primers UPM and KAR/52 2, 3'-«ACK PUR who prtoen UFM nd 

RAR02-1216JL A 3' end sequence of the KAK05 cDNA. Nucleotides art numbered relative lo the rranwriptino *lan site. The new cum (em 6) taqucnai it Mk TnmsJurtoQ of 
RAR05 begin* at of the RAR/35 transcript, inJnaied ahwve ixWtf right-engirt arrow. The uOKFs In the 3* UTR are utkkrtmed BDdiofrttat' above their coding s eq uenc e , fixcn 
junction! are indicated above Mroijtlu arrow. C. a schcinuic diagram showing comparison of RAR£3 and R AR/B mRNA and pmtein sunruirca. Prrtcin riom*hw (A-F) of the RAR0 
Worms are depicted to scale above (RAR02) or bckw (RAR05) diagrams rcpracatiog their respective mRNA sexjnettces. The molecular timet are (he Oemeticel value* predicted 
mi the basis of amino arid acqimice. The positions of the imiuOatkm start xite and slop avion ore Indicated with short arrow along the mRNA diagT&in*. Note that the RAR^S tnuuUXtOB 
hogiru within the C region, resulting in toss of the A, B domains and half of rhe C domain. fX Western bbx analysis of products of in vitro tramiation with RARjB expvvwioa 
E» predicted auiino acid aemieowc of RAK^S. 
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■ (Fig. 1, B aod Q. This AUG b wilhin an oppiupriBtc nucleotide 
coolexC for translalioD iaitiatiun (19) ami would result in a protein of 
' 336 amino acids with an estimated molecular mass of ~37 kDa (Fig. 
jl<T). inyitro translfition of RAR05 cxprcssion.yector confirmed that 
this AUG is a functional translation initiation codon (Fig. \D). It 
should be noted that in vitro translation generated multiple protein 
! bands, which is consistent with a previous report and might not 
I happen in Ihe cells (1 1). prohMy because of lack of the whole UTR 
-. region in the expression vector and lack of natural chromatin envi- 

* ronmcnL This RAR05 protein product is identical to a truncated 
RAR02 or RAR/34 protein reported previously (7, 11). The predicted 
amino acid sequence is given in Fig. IE 

AtRA Mediated Exfretrfon and Regulation of RAR/35. Idenri* 
ficalion of RAR/35 raised a question as to whether its expression is 
mediated by afRA. To directly examine the presence of RARJ35 in 
comparison with RAR02 in patients, we used the human breast cancer 

• cells derived from the patients and being in early in vitro (<10) 
passages. In addition, we also examined me expression of both RAR/3 

: isoforms in established breast cancer cell lines and normal human 
mammary epithelial cells. RT-PCR analysis showed that all of the 
examined breast cancer cells expressed detectable RAR/35 mRNA* 
but its expression was differentially regulated by atRA treatment 
(Fig. 2A). It was up-rcgulated by atRA in BCA-I, 3, and 4 cells, 
whereas BCA-8 showed a slight down-regulation of RAR/35 by atRA. 
Similarly, rhe level of RAR/tt was up-regulated by atRA in some cells 
(BCA*1, 3, 4, 8, 9, and 10), whereas in others it remained unaltered. 
However, no correlation between RAR02 and RAR/35 expression 
could be established Since in breast cancer, estrogen receptor (BR) 
plays a critical role in its response to various chemotherapeutic agents 
and to quantitate Che expression of RAR05 and RAR02 mRNA, we 
did real-time PCR with HMEC, ER-positive breast cancer cell lines 
MCF7 and T47D. and the ER-negau* ve breast cancer cell line MDA- 
MB435 thai expresses a high level of RAR02 mRNA (1 1). Real-lime 
PCR clearly snowed thai RAR/35 was preferentially up-regulutcd 
by atRA in MCF-7 cells* whereas RARjEQ was preferentially un- 



regulated by atRA in T47D cells (Fig. 26% ER -negative MDA- 
MB435 cells expressed a high level of RAR02 but a low level of 
RAR^5 relative to HMEC cells. RAR^S and 02 were consittently 
expressed at a low level in ER-poshJve MCF-7 and T47D cells 
relative to normal HMEC cells (Fig. 20). Because other retinoids 
function through a similar mechanism m the cells, it is reasonable to 
expect that other retinoids might also mediate RAR05 expression. By 
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Frg. 2. RT>PCR anarvsia of RAR^5 and RAR^Q mRNA expreuioa and tegulatioa by 
retinoid*. A. OHs were treated with t /unotA. ttRA for two days, and total RNA was 
subjected to RT-PCR nonirsi* with specific primeiv Both RAR^S and RAR02 are 
diflereztUilly expteised io aJ] of dme tumor cetb end regubaed by atRA & Rea^-dme* 
PCR mafyah showing relative leveU of RAR0S tod RAR^2 mRNA oormlised 10 
0-nctifi (the hasa) RAR^ mRNA level ta HMEC b »et as 1) after atRA treatment H 
fuooVL atRA ta 24 hoors) io HMEC and breast cancer cell tines. Refute am expressed 
aa the mean value of two indVpeodeot expefimeats. C ReaMime PCR aoalyns abowiaa 
relative level* of RAR^S mRNA normalized to ^-actio after treaonent with RAR/RXR 
selecUve tiganda (I unoVL for 24 hours) in T47D oeQs. The atRA cerved at a poaiUve 
roatrol. Results are eipreocd as the mean valve of duplicate ana lyse * of the sane cDKA 
sarnpleiL 



8913 



PAGE5M) ■ RCVD AT 0:11:32 PM IPacWc Standard TlmeJ • SVR.-8VC801/D • DNI8:0O34 » C6IO:(013) »«S-324« • DURATION (mrn-«s):1ft4nl 



From .(613) 998-3248 



Order 



* 



371490DP044 31860 Tue Mar 29 21:QL^ 2005 

A NOVEL RARfi ISOFORM IN BWVCfT CANCBt CELL* 



Page 5 of 9 





s ✓^/' /ff 



PI;. 3. Detection of endogenous kvcb of RAR05 protein in nunnal ami brawl cancer cell* and cellular sctuiuVity to retinoid tictsmeuc 4 »nd£L Wextero Mtg anaJyitls of cell exim.ii 
of variooi cells with RAR0 specific antibodies. Twenty microgram* M) jf»H 60 j»h (fl) of the total protein* (com each cell fine were touted for iuwuinohloi aAar/M» with two polyclonal 
fimibodJes raised against different COOH-tcrminai KAKp epitope* \A, anUbody iccognizfng amino acids 430-447 of RAR£2 (sc-352, Santa Cruz Biotechnology); and fi, anrfcody 
recognizing amino acids 407-423 of RAR02 ( IG02li\tt. Genet*)], respectively. R ( \K03 protein was detected as a -37 kDa protcio band. C 0-actb was wed ax an inlemal control. 
(X Western blot analysis of products of bt vitro translation wtlb different vector*. The positions of molecular roan markers arc indicated to tbc ritfu. RAR02 (-55 kDu) was ant 
detectable In any of the cell tines except posiiivc control (Z>L £, KTIT assay of cell proliferation in response to retinoids. Data arc expressed as the percentage of DM SO control ± SD 
of 8 wells. All of the data shows are representative of tbnx indepemlem experiments. •♦,/*< aUI compared with central; P < (1001 eotnp*rd wirb control 



using conventional RT-PCR, wc confirmed that 4-HPR and 9-rtVRA 
also differentially tip~xcgulated RAR05 expression in MCF-7, T47D, 
and BCA-3 cells. Fig. 2C presents data showing real -lime RT-PCR 
analysis of RAR05 expression Tnediated by different RAR/RXR se- 
lective ligands in T47D cells. In Addition to atRA, Am80 (RARpfd 
selective ligand) and LGD1069 (RXR selective ligand) also signifi- 
cantly up-rcguJatcd RAR05 expression, whereas 4-HPR (a weak 
RAR7 ligand) and 9-curRA (RAR/RXR ligand) had relatively low 
efficacy in mediating RAR£5 expression (Fig, 2C). 

RAR05 Protein Expression in Correlation to Cellular Resist- 
ance to atRA. Wc did Western blot to analyze RAR0 protein ex- 
pression in a panel of breast epithelial cells (normal HMEC; ER- 
posilive MCF7 and T47D; ER -negative MDA-MB23I. MDA- 
MB435, hwnan breast carcirerma BCA-2 and BCA-8, MCP10A 
benign* and MClUOAX f^malignant -breast epithelial cells) with two 
RAR0 polyclonal antibodies that were raised against amino acids at 
I he COOH-lerrninal (a region common among human RAR/3 iso- 
forms). A protcui band with the expected molecular mass f/r 37 kDa) 
was detected in HMEC, MDA-MB231, BCA-2, MCF10A, and 
MCF10AT cells by both antibodies (Fig. 3, A and B\ suggesting this 
protein could be RARiSS. An RAR02 protein band (—55 kDa) was 
only detected from die in viirt> translation product (Fig. 30). None of 
the cell lines expressed detectable RAR£2. In another experinient, we 
were not able to detect RAR02 protein expression in all of the BCA 
(-1, -2. . . , -1 1) cell lines, but we detected RAR02 protein j n HMEC 
cells ihat were from a different source (Cambrex Bio Science Inc., 
Walkersville, MA) 4 with the same antibody (C- 19/ Santa Cruz Bio- 
technology)* indicating that RAR02 protein expression could be cell- 
type specific The -37 VDa protein detected in this study could be 
identical to the RAR0 protein isoform (termed RAR04, -40 kDa) 
identified previously in breast cancer cells (1 1), because same anti- 
body was used for the detection, and the molecular size is also very 
close considering the 10% margin of error for our molecular mass 
standards. This RAR/3 protein isoform seemed to be preferentially 
expressed in ER-negative normal and cancerous breast epithelial cells, 
but it was not detectable in ER-pusiti ve breast cancer line MCF-7 and 
T47D. 

To evaluate whether RAR05 expression is associated with cellular 
resistance to retinoids, cell lines expressing different level of RAK0S 
protein (Fig. 3, A and B) were selected to assess their sensitivity CO 
retinoids with MTT assay. Immortalized benign MCFI0A cells, 
which express high level of RAR/35, were resistant to both atRA and 
4-HPR; ER-negalive MDA-MB231 cells, which also express RARfSS 
protein, showed resistance to atRA, but 4-HPR effectively inhibited 



the proliferation of MDA-MB231 cells, ER-posirive MCF-7 tmd 
T47D cells in which RAR05 protein expression was not detectable 
were sensitive to both atRA and 4-HPR (Fig. .IE). Tn addition. MDA- 
MB435, MCF10AT, and BCA-2 cellit. which express detectable 
RAR£5 protein, were relatively resistant to atRA (data now shown). 
These results suggest that RAR^5 might contribute to cellular resist- 
ance to atRA, which functions through lex ^o r^fjemdeot pathway. 
RAR^5 did not have much influence on the effect of 4-HPR, which 
functions through both receptor-dependent and irtdependent pathway 
(20), 

Sequeoce Analysis of 5' Flan Icing Region of KAR05. Although 
tbc RAR05 regulation pattern by atRA was more or less similaT to that 
of RAR02, in some cells such as BCA-2 and BGA-8* MCF-7 and 
T47D, the expression pattern was significantly olfiferent Sequence 
.alignment showed that the Firet exon of RAR^95 is far away (—30 kb) 
from the P2 promoter, suggesting that RARfSS and RAR02 use 
different promoters. Therefore, we cloned and sequenced the l-kb 5' 
flanking region of RAR05. Fig. 4 shows the 480-bp 5' flanking 
sequence of RAR05. The 5' flanking sequence (- 1000r*— 59) of 
RAR/35 was analyzed with several promoter identification piognuns 
including Proecan (21), Promoter 2.0 (22), BDGP; Neural Network 
Promoter Predicdon (htm://www.frujt^^ 

McPromoter (htlp^/genes jiiitxdu/McPror^ F\oox)terlnspector 
(htr^^Aww.geri ornatix.de/). None of these programs was able to 
predict this promoter. The region close to the putative trarsscription 
start site lacks the canonical TATA and CCAAT boxes, but a TATA- 
like box (TATA ATT) is present 42 bp upstream of the rranscriptioo 
start site. Additional analysis with Maanspector (23) and TFSEARCH 



4 X Peng. D. Yam K. Chris**, twrjubtished data. 



-«*o UJTMOACcrThiuo^cxrxxicrcxxxjiC^ i ten iiivyivi MWieTcaAtqco^aAT 

COT AW 

N2F1 tCUUL 

-J«0 CCMAOAATCJUUiCX^CTCCAAAA 

S*Y CAT* CEBP/p • 
-240 TAAAAQ9^ATA7TTTT>Aa>TMCSJlCCTT^ 
VTKT 

-ISO ATTTOAAGBfl^TJUU^^ U T lA; ! ^^ IUI rCA'lCACAAl 

CXTh MFAf API 

-120 § 1 1 IVl^Jli AAAJ^TATTflgafte^Gaj^rXAM 
Art 

*«0 AUI IX' J fcMS^OTCm^cfiATAATT>XACXTrAOT 
O ATAWAajuu^xtCTUCAAa^C^ ** 

Fig. 4. NuctetHidc serpseoos of the 5' flanking regson of human RAR^S gene. 
Tranjcriptlon start site is tmdertined io bofd Shading denotes the cure arqucmcc of 
potenliul tramecriptioo biodina; sites «ith hifh identity to fluthentic com and sssanis 
sequencer m idenrifiedby MMb»pecror V12. Nucleotides arc ntttnborcd ncgativcry so the 
l*fl of the sequence with nucleotide +1 cotrcspradtua to the transenpiton start she A 
TATA-tike rorrwrrmii sequence » baud. 
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!ltip://vvwwxbrc.^^ hlml) idenliOed DNA 

landing sites for AP-1, GATA, SRY, CEBP/0, NFAT, OCTI, and so 
jtoith al the region -5O0/+1 (Fig. 4). Io addition. Promo (24) iden- 
: tihed a binding she for RXRa at 3 12 bp upstream of the transcription 



tftart site. However, these are the potential binding sites, and tests for 
|;^jKdona)ity need to be done to confirm tfieir importance. ~- • 
|>" Transcription Start Site of KAK/tt. To determine the transcript 
^%bpn start she of RAR05, we did 5 '-RACE analysis on mRNA from 
r f jSjDA-MB435 and MCF10A cells. The 5' regions of both RAR/32 and 
*H$AR05 were cloned from MDA-MB435 cells and sequenced. Be- 
Vcause only a single transcription start site in the human RAR/32 gene 
Jhas been defined (°), RAR/32 cDNA cloning and sequencing served as 
a good control for mapping the transcription start site of RAR05 with 
ii' -RACE analysis. In total, six RAR£5-positive clones from 
■'.MCF10A 5'-RACE products and four RAR05-positive and two 
t^RAR^2-posiljve clones from MDA-MB435 were sequenced Se- 
f?&uence analysis showed a single transcription start Kite of RAR/15 in 
^ioth MCF10A and MDA-MB435 cells (Table I). Interestingly, a 
single nucleotide (A) deletion close to transcription start site was 
J found in five of the six cJones from MCF10A cells and in all four 
J clones from MDA-MB435 cells. However, as no deletion was found 
V "in" the corresponSn^ONA region in MDA-MB435~ceJls, Ifseems that 
the deletion happened during the transcription process. Two transcrip- 
tion start sites (+ 1 and —11; +1 identifies the first nucleotide of the 
t putative transcription start site based on GenBank sequence data 
£ (NM_000965)] of RAR# were identified in MDA-MB435 cells; it 
seems that RAR02 has multiple transcription start sites in this cancer 
( cell line. 



RAR05 Promoter Activity. A scries of RAR/35 prornoter-lucif- 
erase reporter vectors were constructed. When these constructs were 
transacted into MCF-7 and T47D cells (which are HK-poshive and 
responsive to atRA) and assayed for reporter gene activity, although 
differential promoter activity was observed in the two cell lines, (he 
region -99/+ 33 consistently showed negligible or very Sow promoter 
activity in the two cell lines, suggesting either the existence of a 
negative regulatory clement within this region or the presence of a 
strong activator in the region between— 177 and -99 (Fig. 5, A and 
In MCF-7 cells. PGL3-1 0007+33, 428/ +33, -323Z+33, -302/ 
+33, and -177/+33 exhibited significant basal promoter activity 
(relative to the empty PGL3 Basic vector control). The atRA treatment 
additionally increased promoter activity by 2- to 5-fold in MCF-7 
cells but only 2- to 3-fold in T47D cells, which was in agreement with 
real-time PCR results (Fig. 25). Deletion of region -302/- 177 
significantly decreased promoter activity Induced by atRA In MCF-7 
cells. On the basis of UansfecUoh assay data from both cell lines, it 
seems that die promoter region — 302/— 99 is the target region for 
atRA stimulation, whereas no RARE/RXRE was identified in this 
region. Therefore, either the target binding site has not been identified, 
or the stimulatory effect caused by atRA is an indirect effect. 

Because atRA functions through receptor-dependent pathway, wc 
hypothesized that expression of RAR/32 could affect RAR£5 pro- 
moter activity mediated by atRA. To lest this hypothesis, RAR02 
expression vector (pcDNA3.I-RAR02) was cotransfected with 
RAR/35 promoter constructs into MCF-7 and T47D cells. After trans* 
fectlon, the cells were incubated In the presence or absence of atRA 
for 24 hours, and hiciferase assay was done for promo te r activity. 
Surprisingly, cotransfectioo of the empty vector pcDNA3.1 aJso 
greatly increased RAR05 prompter activity, whereas cotransfection of 
RAR/32 expression vector pcDNA3.1-RAR02 did not cause a signif- 
icant increase in promoter activity relative to the conrrol (Fig. 5, C and 
Of, however, in the presence of atRA, RAR/32 expression did signif- 
icantly increase promoter activity compared with that of empty vectox- 
transfected cells in MCF-7 cells (Fig. 5Q, suggesting that activation 
of RAR05 promoter activity by atRA is receptor dependent. 

We also examined RAR/33 promoter activity in the presence of 
other RAR/RXR selective Iigands in both MCF-7 and T47D cells. As 
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Hjt. 5. RAR05 promoter activity in MQt-7 and T47D ceDs. A »nd /?, n ntgjon - 302/ -99 wm found to he ibe ttrgpc region for atRA-iodueed u ro muto activity. RAR0S yuinu t w 
MxWiry w»s osnyrd in MCF-7 {A) T47D (8) cdk uninfected with ddctton muuntH in the 5' region. C and D, effects of cotrtnsfcctiOQ of RAR£2 expreuion vedor on pronator 
nanrhy in MCF-7 (O and T47D (D) cells. Schematic rcnrvNemaiom of the 3* ddcUoM w wuimutt mz s/xrwn io the left of the graph. (AX Rooks ire of three independent experiment! 
done in tnpBcatc; bars, mean ± SEM. Relative kiufciw activity, kiciferaK actiWly nurmatixed lo 0-&akcu*Maxc •, p < OA5 compactd wMa the correapondlag central 
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R. 6. RARfiS promt act activity b lip-regulated by various RAR/RXR selective 
Kgands in MCF-7 and U7D cells. Cells wot transacted vilh TOLVI W0/+ 33-RAR05 
promoter cortttnict inct tasted with 1 stmol/L retinoids for 24 htwm. Krwks ace from 
triplicnie wells of one experW^ n»rtn ± SEM. RU*. relative baf erase activity 
normalized to p-gaL The aiRA treatment served is a positive control. 



•^.p^ 43 
RAR0 RARa RARy 

Fig. 7. RAR05 » unique among all of the RARs and oU a d caved prodmt from 
RAR£ Western Wot analysis of RAK0, RARa. and RARy in MCF-7 cells. Md<»7 cetb 
were treated with DMSQ (control) or MC 132 (50 ptwti/L) for 3 hours, cell lywles (50 Ag) 
were subjected so Western bkn analysis whh pofyriona) aooburttes ngiiinsr RAK£ (Santa 
Crux Biotechnology, sc-552). MA Ha (Santa Cms BioechnoJoiy, *c-55IX and RARy 
(Santa Cruz Bkrtcchnutafy, «c-530). 



^S^iiL 



*?r*:SS 



AT?* 



shown in Fig. 6. 4 and £, all of the tested KAK/RXR selective ligands 
dilfewttially increased RAR/35 promoter activity, whereas Am80 
showed die highest efficacy. These data also confirmed our RT-PGR 
analysis (Fig. 2Q. 

- Is HARPS avUnlqoe Isoforni among RARs? Jhc identiflcatioJl.of DISCUSSION 
RAR05 raises the question as to whether corresponding isoforni exists 
in the other two RARs. Sequence analysis revealed the possibility of 
existence of a corresponding isofonn in both RARa and RARy, 
because a similar internal start codon is present in both RARa and 
RARy at similar positions. In addition, we also observed a similar 
protein band at the position of -37 kDe in MCF-7 and MDA-MB231 
cells through Western btot analysis with RARo- and RARy-speciflc 
antibodies that are not cross-reactive with each other and recognize 
the COOH-terminus of the corresponding RAR isofonn. Therefore, 
we first 5'-RACE~ana)yzed the mRNA extracted from MCF-7 and 
MDA-MB231 cells with RARa-specific primers but failed to detect 
any expected cDNA band with a smaller size conesponding to die 
putative truncated RARo. Only a single RARa band of an expected 
size corresponding to full-length RARa was delected (data not 
shown). Because these receptor isofbrms degrade quickly* we there- 
fore hypothesized that the observed protein band of low molecular 
size for RARa and RARy might be a fragment generated from 
protease cleavage. We used cell permeable proteasome inhibitor 
MG132, which can inhibit the degradation of R ARa and RARy (25). 
MO 132 treatment completely blocked the generation of this fragment 
(Fig. 7), showing that these bands are products of protease cleavage of 
RARa and RARy. The biochemical and biological properties of these 
RARa and RARy fragments are not clear at present When cells were 
treated with MG 1 32, a corresponding equivalent band of RAR05 was 
observed. Whether the expression of RAR/35 protein is because of 
inhibition of protein degradation or induction by MG132 treatment 
still needs additional in-depth studies. 

Because a major level of regulatory control by retinoids is posl- 
InuislMtional* we examined effect of atRA treatment on RAR05 pro- 
tein expression with and without proteasomaJ inhibition. Because 
proteasomal inhibitors are generally cytotoxic, a period of 8 5 hours 
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was found not to trigger significant cell death in the cells examined. 
Cells were treated for 8 and 24 hours with 1 /unol/L atRA, and then 
treated wilh or without 40 /imol/L MG 1 32 for the Gnal &5 hours. We 
did not observe significant alteration of RAR05 protein level in 
MDA-MB435 cells however, no R A R0 protein was detectable in 
T47D cells in either condition (data not shown). Nevertheless, MGI32 
effectively blocked atRA-induced RARa degradation in both cell 
lines as observed in MCF-7 cells (25). 

Genomic Structure of RAR 05 in Comparison to RAR02. On 
the basis of the identified RAR05 cDNA sequence, the known 
RAR02 sequence, and the published Human Genome Project Data 
(http://www.ncbi.nlm-nih.gov/g^ we were able 

to elucidate die complex organization of the RAR/35 and RAR02 
genes. BLAST search permitted ns to align the finrt three exons of 
RAR05 to a 70560-bp BAC clone RP1 1-42 1F^ (GcnBank accession 
no. AC133143) mapped to chromosome 3p24. Similarly, the remain- 
ing exons were precisely aligned within another 189308-bp BAG 
clone RP11-659PI6 (GcnBank accession no. AC093416). Then the 
first exon of RAR02 was aligned within the 19846R-hp BAC done 
RF1 1-733H 1 1 (GenBank accession no. AC098477). Addhional aHgn- 
ment.pf these three clones showed a 4145-bp overlap between clones 
RP1 1-733H 1 1 and RP1 1-421JH9 and al 862-bp overlap between clones 
RP1 M21F9 and RP-659P16 (Fig 80) 9 showing the continuity of the 
gene sequence in these BAC clones. An analysis of these three BAC 
clones revealed that the RAR/35 gene spans over 130-kb of DNA, 
whereas the RAR02 gene spans over 160 kb of DNA. All of the sphee 
junctions conform to the GT/AG rule for splice donor and acceptor 
sites (ref. 26; Fig. 8A). fig. 8B surnmarixes our analysis on the 
genomic structures of hRAR05 and hRAR02 genes, and a new 
numeration for their exons is proposed herewith. 



The major biological effect and gene expression induced by reti- 
noids are believed to be mediated by nuclear receptors RARs/RXRs. 
Because RARs and RXRs are primary effectors of retinoid signaling, 
they themselves seem to be targets for disruption In tumorigencsis. 
RARJ9 has been extensively studied in human carcinomas, and several 
studies have suggested that it might play a role in tumor suppression 
(27-29). Therefore, RAR0 has been considered a target molecule for 
retinoids in chemopreventioa and therapeutic studies. 

In this study, we identified RAR05, a novel RAR0 isofonn directed 
by a distinct promoter P3. We also provided the first evidence show- 
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Fig. 8. Schcrmtk representation of jCDomic stnicuuc of the bRAR£S feae to com- 
parison with hKAK^Z. A The jotiOD-cxoti boundm\ aroond exoa 6 (the first cum of 
RAR£3)arc Khmvru Exon and httroo sequence* are represented by capital aad fcm»mgr 
letter*, rapecitvdy. The canonical acceptor [ag) and donor i$t) ti^ct sites are boUto*. B t ' 
organization of the hRARj92 and bRAK^S sene% and their aHgnneat to BCA dnactv 
RAR^2 is driven by promoter P2> whereas RAR/M b directed by proeooter P3. RAR^2 
and HARASS only dtntr in sheir fust txoac. exua 7 to 13 are common to «D of the RAK^ 
isoforms. tuoos ore represented by black huxn, and km^tns we ahowa in bp. lac ron 
lengths (kb) woe detennioed based on alignment of the cONA sequence of RAR^S aid 
RAR^Z ao BAC cloaca. The bkni bwurs in UAC ctaoes reprcscm the owtapping cegka 
bcHwxji the clones. 
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^ . thai RAKB5 protein is identical to RAR/34 or RAR0', a pre viutisly 
IfnUfica truncated RAR0 protein (7, 11). In 1999. Sommer et aL 
M- i x rid enrificd a 40 kDa RAR0 protein isoform. which was interpreted 
- RAR04 This RAR0 protein isoform was found to be elevated in 
JLan breast tumor cells, especially in cytoplasm relative to RAR/32 
CroYein. In 2002, Chen et ul (7) showed an antagonistic role for this 
protein isoform in signaling by rctinoic acid and termed it 
%ARfl' and its expression was interpreted as leaky scanning." In the 
ggi year, another group -05) showed that the expression of this 
Stein isoform is associated with cellular resistance ii i response to 
^tine-ids. They also interpreted it as RAR04 and toed to link the 
fioteifl expression to RARfK roRNA expression. These data seerned 
4cirrect, but the interpretation on the generation of that RAR0 
^ARP4 or RARfJ') protein isoform seems questionable. There has 
' been no evidence showing thai the protein isoform is translated from 
Endogenous RAR/32 or RAR04 transcripts. The intoprciauon on the 
generation of that RAK/3 protein isoform was based on tnmsfecuon 
£ ; !nd in vitro translation experiments, in which the expression vectors 
^generally do not contain full-length 5' and 3'UTR, and the reporter 
kfeenes are not in a natural chromatin environment In addition, the 
^existence of multiple uORFs in the long 5'UTR region of RAR02 and 
^RARM could also inhibit leaky scanning (30). Some cells such as 
•ftCFlOA series of cell lines do not express detectable RAR04 
'mRNA, 5 the same protein isoform could only he from RAR05i tran- 

* script in these cells. The identification of RAR05 to breast epithelial 
' cells suggests that RAR0' is ihe primary translation product from 

4 ORF of RAR/35 transcript. Should leaky scanning occur with RAR02 
£or RAR04, it might result in RAR0' at a very low level (30, 31). 
WeovcrT the existence of multiple uORFs and the long leader 
^sequence in RAR0 isoform mRNAs could be a signal that their 

* translations are under right control. 

£ In most or the previous studies* measuren wits of R AR0 expression 
^are preferentially made at the mRNA levcb (25), leading to certain 
" level of complexity in understanding ha function. All the more, in 
most of breast cancer cell lines, RAR02 protein was not detected by 
Western blotting, although its mRNA was detectable (Fig. 2). we 
have carried out experiments to address these concerns to a certain 
.-extent and to study the expression of RAR05 both at the RNA and 
Z protein levels in various patient-derived primary breast cancer cells. 

* established breast cancer cell lines, and immortalized benign 
MCFI0A, premalignant MCF10AT cell lines, and normal human 
breast epithelial cells. Al the mRNA level, RAR05 is expressed in 
normal human breast epithelial cells as well as in benign, premalig- 
nant, and tumor, cell lines. In the presence of atRA, the level of 
RAR/32 mRNA is preferentiaUy elevated in contrast to RAR05 in 
T47D cells. At the protein level, we failed to detect endogenous 
RAR02 protein by Western blotting but did detect a corresponding 
RARB5 band in MDA-MB231 and HMEC cells. In agreement with 
our studies, Tanaka *t ol. (25) also failed to detect RAR02 protein 
under their experimental conditions. Hence, either RAR/32 protein is 
not stable, or its expression is too low to be detected in these cells. 

RAR/35 identification also defines a new type of RAR/3 isoform, 
which is under the control of a distinct promoter P3, and die protein 
lacks the A, B, and part of the C domain (the first zinc finger) of other 
RAR0 isofonns. The loss of DNA binding ability while retainingThe 
capability to form heterodlmers with RXR makes RAR05 act as a 
/raiUHloiiuJiani-wgttu ve regulator of RAR^ function (7). We note in 
this respect that similarly truncated RARa isoforms lacking all or the 
sequence located NH 2 -wrrmnal to the second zinc finger have been 
identified previously (32). Must analogous to RAR05 is the proges- 
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lerone C inRNA that encodes a NH^erminally tnmcattd progester- 
one receptor (33, 34). RAR05 protein expression, localization, and 
function were characterized previously as a truncated RAR/3 protein 
isoform (7, 11, 15). Unlike some other reported domiiuurt-negatrve 
nuclear receptors (35, 36), RAR/35 does not bind as-acting DNA 
elements and therefore cannot directly inactivate gene transenption. 
RAR05 likely represses by stoichiometric competition, away from 
the RARE, against other transcription factors within the cell (e.*V 
RARa, RAR0, and RARy) for transcription cefaclors (7). Although 
RAR^4 protein (identical to RAR£5 protein) was reported to be 
elevated in breast cancer cells (11. 15X oar data show that both 
RAR05 mRNA and protein are expressed in normal HMEC cells, 
indicating that RAR/35 is not a lumor-speciflc Isoform; it could be a 
regulatory factor ror RAR/3 target genes in both normal and tumor 
breast epithelial cells. We could not detect RAR05 proton in KR- 
positivc breast cell lines that are sensitive to retinoids, whereas it can 
be detected in ER- negative breast cancer cells and normal breast 
epithelial cells that arc relatively resistant to retinoids, indkaiing that 
this isoform may contribute to cellular resistance to retinoids, fin the 
metastatic atR A-resistant M-4A4 ceU tine derived from MDA-MB435 
ceils, RAR04 protein (identical to RAR/J5) was elevated in compar- 
ison with the lHogenic mmmeuwlatic NM-2C5 cell line, and to protein 
expression was also unregulated by atRA alto 4- and^-day treatment 
(15), which is consistent with our RT-PCR and MTT data and in 
agreement with the conclusion mat it plays a negative role in RAR/J2 
function (7). 

Analysis of me RARp5 5' Hanking region by computer program 
failed to predict the P3 promoter, indicating that P3 is not a typical 
promoter. The functionality of the TATA-like box 42-bp upstream of 
rxanscription start site remains unclear. In mis respect another non- 
canonical TATA box (TATATTA) has been reported in the P2 pro- 
moter of RARJ3 (9). However, cloning and transection studies of the 
KARB5 5' flanking region confirmed die |ncsence of P3 promoter. 
The atRA target promoter region (-302/-99) la^ 
RXRE/RARE elements. The magnitude of activation of the RAR£5 
promoter by atRA seemed to be celHype specific. Coaaiisfcctkm of 
empiy vector pcDNA3.l resulted in a significant mcrease In reporter 
gene activity, the reason is currently unknown; uwisfection cxperi- 
mcat can generate artifacts, and a control (empty) vector must be 
included for comparison to see the function of the transfected gene. 
The effect of atRA seems to be at least partially RAR£2 dependent, 
whereas RAR/32 overexpression itself might not have a significant 
effect on RAR/35 promoter activity in the absence of tigaod-atRA. 
Other RAR/RXR selective retinoids also mflerentlalry increased 
RARE5 promoter activity, indicating that both RARs and RXRs can 
be involved to the RAR05 transcriptional activation. Because only 
two promoters have been previously identified in all of the RAR genes 
(1 1), the identification of this promoter has biological sigmficance, 
Both RAR/32 and RAR£5 can be transactivated by atRA in the same 
cells, whereas their functions seem to be different, revealing a mech- 
anism of fixKHuning atRA-induced transcription. 

The corresponding isoform of RAR/35 in RARa and RAR7 gP»» 
seems not to be present, although fragments cleaved from RARa and 
RAR y protein were detected. Whether the fragments are functional or 
not and their biochemical properties still need to be cfetenmncd. It 
seems RAR/35 isoform is unique among all of die RARs and not a 
cleaved product from other RAR0 isoforms, which suggest that, 
RAR0 gene might have different function from other RARs. The 
expression and regulation of RAR0 protein is an important issue for 
functional research of this receptor. We did not observe significant 
regulation of RARJ35 protein by atRA after 24 hours treatment with or 
without proteasomal inhibition, suggesting that the translauonal reg- 
ulation is mdependent of tauiscriptional regulation under the expen- 
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mental condition. The RAR0 post-trans larionaJ regulation by retinoids 
will be addressed in depth in the future studies. 

In summary, we have identified a novel, unique RAR/3 isoform 
(RAR05) and mapped its promoter region. We also initially charac- 
terized its expression and transcriptional regulation in normal and 
cancerous breast epithelial cells. RAR£5 identification reveals an 
additional layer of complexity to retinoid signaling, and this isoform 
may serve as a potential target of retinoids in breast cancer prevention 
and therapy studies. Future study on RAR/3 function should include 
the analysis of RAK05 isoform in both normal and tumor cells and its 
response to retinoids. Effective inhibition of RAR/& might be neces- 
sary for the prevention and Ireatmcnt of breast and other cancers by 
retinoids. 
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